We constructed a DNA fragment map of low-passage Towne strain cytomegalovirus by analyzing cross-blot hybridization and hybridizations of isolated recombinant clones. The abundant late transcripts were located on this map by hybridization of labeled total RNA of virus-infected cells to blotted DNA fragments. The most abundant late transcript, carried by the 11.7-kilobase EcoRI fragment (EcoRI-G), was precisely mapped. The EcoRI fragment was fragmented and subcloned in a plasmid carrying simian virus 40 sequences (pSV-OH, constructed by Chi-Bom Chae, Department of Biochemistry, University of North Carolina, Chapel Hill). One resulting recombinant plasmid, pHD713SV2, was transferred to simian virus 40-transformed monkey kidney cells (COS-1) by DNA transfection. Synthesis of a cytomegalovirus-specific 67-kilodalton protein was detected in these cells by reaction of blotted proteins with virus-specific monoclonal antibody. The 67-kilodalton protein is a major phosphorylated protein found in virions; it is not glycosylated. The location of the gene for this 67-kilodalton protein is therefore assigned to the center of the L-unique region of human cytomegalovirus, at 0.37 to 0.39 map units.
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Human cytomegalovirus (HCMV) is a herpesvirus associated with clinical manifestations ranging from asymptomatic infection to congenital abnormality, mental retardation, intrauterine death, or, in organ transplant patients, interstitial pneumonia. This virus can infect at multiple sites, and its antigenic diversity allows superinfection of seropositive individuals (9) . Recently, it has been suggested that this virus has oncogenic potential comparable with those of other herpesviruses. Cytomegalovirus (CMV) was capable of stimulating cellular macromolecular synthesis (19) and transforming mammalian cells in vitro (14) .
Physical maps of the double-stranded DNA genome of some laboratory strains have been constructed (3, 18 ; R. L. LaFemina and G. S. Hayward, personal communication). In addition, recombinant DNA clones of these strains are available; this development will allow workers to define functional genes and compare specific portions of the genome from 'different strains to study gene function and expression. We have isolated recombinant DNA clones of CMV restriction fragments derived from Towne strain, passage 36, and constructed the DNA fragment map shown in Fig. 1 . The restriction enzyme sites are not identical to those mapped by LaFemina and Hayward (Lafemina and Hayward, personal communication) for a high-passage Towne strain.
In this communication, we describe our study of abundant late transcripts. One of the most abundant late transcripts has been mapped to a small restriction fragment, and we have determined that this gene codes for one human fibroblasts, and virus DNA was isolated as previously described (8) . Enzymatic fragmentation of virus DNA and gel electrophoresis. Restriction enzymes were purchased from Bethesda Research Laboratories (BRL), and digestions were performed as recommended by the supplier. Agarose gels were run as previously described (17) .
Transfer of DNA restriction fragments in gels to nitrocellulose. DNA was transferred to nitrocellulose paper by the procedure by Southern (17) . Gels were soaked on 0.5 N HCI solution for 15 min and then were transferred to a solution containing 0.5 M NaOH and 1 M NaCl for 15 min to denature the DNA. Finally, gels were neutralized by soaking for two 15-min periods in a buffer solution containing 1 M Tris hydrochloride (pH 7.4) and 1.5 M NaCl. The DNA was transferred by blotting a transfer solution of 6x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate) through the gels, nitrocellulose paper, and absorbent paper.
Nick (BRL) . After incubation at 110C overnight, the mixture was used to transform E. coli LE392 to ampicillin resistance. Bacterial colonies were tested for hybridization to HCMV DNA by the procedure described by Grunstein and Hogness (6) . Some fragments eluted from gels by a procedure described by Maxam and Gilbert (12) were recombined similarly.
Subclones of EcoRI recombinant plasmids were generated by redigestion of the pBR322 recombinant plasmids and The plasmid pSV-OH was isolated by C. Fig. 2 , indicating the direction of the SV40 sequences and the Hinfl sites of pBR322 which were used to orient the CMV sequences in the recombinants pHD713SV1 and pHD713SV2.
Other recombinants were generated by enzymatic recombination of HindIII, BamHI, or BglII-digested HCMV DNA and plasmid pBR322 DNA or replicative form DNA of bacteriophage M13mp7. 6 .8], 15% glycerol, 5% ,3-mercaptoethanol, 1.5% SDS) for polyacrylamide gel electrophoresis. After heating at 90°C for 5 min, the sample was cooled, the beads were pelleted, and the supernatant proteins were loaded onto a 9% polyacrylamide gel. Detection of [3H]glucosamine and 35S-labeled proteins was done by fluorography (1) , and detection of 32P-labeled proteins was done by direct exposure of gels to X-ray film, enhanced by a Cronex Lightning-Plus intensifying screen.
RESULTS
Physical map of HCMV Towne strain. Each recombinant plasmid was nick translated and hybridized to blotted restriction fragments of total viral DNA. The results of these experiments were compared with data obtained by crossblot hybridization. In addition, restriction enzyme sites were mapped on the recombinant plasmids. Physical maps of strains Davis (3), AD169 (18) , and Towne (LaFemina and Hayward, personal communication) are similar to the ones shown in Fig. 1 , but the regions at each end and near the L-S junction vary. These points of variability between the maps of high-and low-passage Towne strain are indicated by asterisks.
Mapping regions of transcription on the genome of HCMV. Hybridization of 32P-labeled RNA isolated from cells at any time between 14 and 96 h after infection with filters containing restriction enzyme fragments of HCMV DNA yields a complex pattern (Fig. 3) , indicating that many regions are being transcribed (22) . We focused on the sites of abundant transcription at the late stage of infection as shown by the intensity of the hybridization of labeled RNA with blotted DNA fragments (Fig. 3 and Table 1 ) and by the reverse method, hybridization of nick-translated DNA fragments with RNA immobilized on nitrocellulose filters (Fig. 4) . In  Fig. 4 , the hybridized filters were developed after short exposure, to show only the most intense labeling. Two distinct regions of transcription located by these experiments are indicated below the EcoRI restriction map (Fig.  1) , one of these near the L-S junction and the other at the middle of the L-unique region. Much of the complex pattern of hybridization of RNA with EcoRI digestion fragments can be attributed to the multiple L-S junction and L-repeat fragments which are distributed throughout the size range (LaFemina and Hayward, personal communication) and which hybridize to an abundant 1.1-kb RNA (Fig. 4 and Table 1 ). This transcription region is represented at least twice in every virus molecule, at the L-S junction and at the L terminus. At longer exposure, probably all restriction fragments of HCMV hybridizes with 32P-labeled RNA isolated from cells late in infection.
A comparison of the abundance of these two major transcripts with others was performed by hybridizing 32p_ labeled RNA in solution with filters containing recombinant plasmid DNA (Table 1) .
The results are comparable with those previously determined for total viral DNA blots, although neither experiment is corrected to molarity by estimating the sizes of the RNA. Fragment G carried by plasmid pHD7 was labeled 15-fold more intensely than fragments V or 0, and fragment M, which carries part of the L-repeat DNA, was ninefold more radioactive than fragment V. As demonstrated in Fig. 4 , the RNA hybridizing to fragment G is a late transcript of 1.9 kb. This RNA was not present in cells treated with cycloheximide or phosphonoacetic acid after virus infection. Isolation of one region of transcription. The most intensely labeled fragment, EcoRI-G carried by plasmid pHD7, was fragmented by enzyme BglII into four portions, one of which hybridized to RNA isolated from infected cells (Fig. 5) . This 2.9-kb BglII fragment is the only transcribed region we have detected in the original 11.7-kb EcoRI fragment. This observation was confirmed by electron microscope observation of R-loops, which show a single uninterrupted region of hybridization (L. Loh and E.-S. Huang, unpublished data). The 2.9-kb BglII fragment was subcloned into the BamHI site of bacteriophage M13mp7, and the fragment which was re- leased after EcoRI digestion of the replicative-form DNA of the recombinant M13-713 was recombined into the EcoRI site of plasmid pSV-OH (Fig. 2) .
Plasmids resulting from the recombination between M13-713 and plasmid pSV-OH were divided into two groups, based on digestion patterns with enzyme Hinfl. Plasmid pHD713SV1 carries the inserted region in the orientation opposite to that in plasmid pHD713SV2 (Fig. 2) .
Expression of the 67K protein in tissue culture cells. Cultures of HEL cells and COS-1 cells were treated with plasmid DNA as described above, and protein was extracted and applied to acrylamide gels as described. Electroblotted protein was reacted with monoclonal antibody prepared in this laboratory specific for a 67,000-molecular-weight (67K) protein of HCMV. A photograph of the stained nitrocellulose paper is shown in Fig. 6 . The 67K protein was produced in COS-1 cells carrying pHD713SV2 DNA but not in cells carrying pHD713SV1 DNA. The orientation of the transcription of the 67K protein sequence in plasmid pHD713SV2 is downstream from the major early promoter of SV40. In plasmid pHD713SV1, this orientation is reversed.
Characterization The RNA transcripts that we describe have also been identified by Wathen and Stinski (22) . We do not detect the larger RNAs that they describe, but the smaller species at 1.9 and 1.2 kb correspond to the map locations that we report for 1.9-and 1.1-kb RNA.
The intense transcription of L-repeat regions was also found in cells infected with strain Ad169 of CMV (13 (BglII-f) . The orientation of these fragments has been determined by DNA sequencing and cross-hybridization of internal fragments in this laboratory (Fig. 5) . The L segment of HCMV in maps of Ad169 is inverted relative to the orientation illustrated in Fig. 1 We identified a putative promoter on the BglII fragment by DNA sequence analysis of the DNA insertion of M13-713 bacteriophage. The 5' end of the RNA is located 300 bp from one BglII site, and no intervening sequences were detected.
The DNA sequence 5' to the site of RNA initiation is abruptly different from the surrounding sequence. Five hundred base pairs from the initiation site, the G+C content of the DNA is 66%. In contrast, the 230 bp before the initiation site contain 29% G+C. The entire coding region including 700 bp downstream is 50% G+C, and the most distant sequence that has been determined, 700 to 900 bp after the polyadenylation signal, is 66% G+C. A definite gene structure is evident from this analysis (M. G. Davis and E.-S. Huang, manuscript in preparation).
The entire sequence consists of surrounding viral DNA of high G+C content, abruptly interrupted by an extended A+T-rich region, followed by an information sequence that contains maximum nucleotide variability. We plan similar analyses of other coding regions of human cytomegalovirus to determine the function of these regions, their distribution, and their controlling elements. Analysis of similar coding regions of other herpesviruses, identified by cross-hybridization of the CMV coding region and restriction fragments of herpesvirus DNA, may indicate similar functions in other members of the virus group.
